Spatiotemporal variations in the characteristics of fluorescent dissolved 8 organic matter (FDOM) components from 63 lakes across the Tibet Plateau, China, are 9 examined using excitation-emission matrix spectra (EEM) and fluorescence regional 10 97 Zhang et al., 2010), little is currently known about CDOM in the Tibet Plateau. Analysis 98 in this area could reveal a natural state of composition, sources, dynamics, and fate of 99 CDOM by comparing results with other brackish and saline lakes with high 100 eutrophication rates due to increased terrestrial nutrient input. Based on previous 101 studies, our investigation examines sources and fate of CDOM in brackish (31 lakes) 102 and saline lakes (32 lakes) across the Tibet Plateau using EEM-FRI. The study 103 objectives are to: (1) characterize the similarities and differences in CDOM absorption 104 and components among the 63 lakes with similar climatic, hydrologic and geological 105 conditions using EEM-FRI technology; (2) investigate and evaluate spatial dynamics 106 of each fluorescence component using EEM-FRI; (3) link FDOM by EEM-FRI to 107 CDOM absorption and fluorescence parameters, and to water quality; and (4) assess the 108 effects on FDOM by EEM-FRI caused by salinity, solar radiation and land cover.
and fate) (Chen et al., 2003; Zhang et al., 2010; Zhao et al., 2017) . Compared to other 85 fluorescence tools, EEM-FRI (a quantitative technique) can integrate the volumes 86 beneath defined by regions of EEM largely based on supporting literature (Chen et al., 87 2003) . This is related to all of the wavelength ranges of different fluorescence peaks in 88 each EEM, and covers continuous fluorescence intensity at excitation-emission 89 wavelength of divided regions for further analysis (Chen et al., 2003) . 90 It is believed that the high altitude and arid environment of the Tibet Plateau could 91 have an influence on CDOM in brackish and saline lakes. These influences may affect 92 DOC accumuation, result in a high photochemical degradation rate due to prolonged 93 sunshine, decrease anthropogenic CDOM inputs, and result in an accumulation of 94 nutrients in lake catchment areas (Spencer et al. 2012; Yao et al., 2011; Song et al., 95 2017). Although CDOM optical characteristics and their effect on carbon budget 96 contribution have been reported in plateaus and high-mountain lakes (Wen et al., 2016;  calculated from the measured sample optical absorption a(λ): 158 a CDOM (λ)=2.303OD(λ)/γ
(1) 159 where, OD(λ) is the corrected optical density at wavelength λ; γ is the cuvette path 160 length (0.01 or 0.05 m); and the factor of 2.303 converts the results from a base 10 to a 161 base natural logarithm (Zhang et al., 2011) . The SUVA254, S275-295 and M (E250:E365) 162 were used to characterize CDOM features (Helms et al., 2008) . (2) 195 where, Δλex is Ex (interval 5 nm); Δλem is Em (interval 1 nm); I(λex, λem) is fluorescence 196 intensity at each EEM pair; and i represents the regions of EEM divided by The cumulative volume in the five regions beneath the EEM can be calculated using φT 198 (i= I, II, II, IV, V; unit: nm):
(3) 200 where, n represents the numbers of cumulative regions in the five regions. The response in a specific region (Pi,n, i= I, II, II, IV, V) was calculated as: our study ranged from 0.09-8.45 m -1 and 0-13.49 m −1 for brackish and fresh lakes, with 260 mean values of 2.38 (± 3.14 SD) m −1 and 1.74 (± 1.99 SD) m −1 , respectively ( Fig. 3 ).
261
These values were found to be significantly different from each other (ANOVA, and tryptophan-like ('T' peak) were observed in the 244 EEM spectra (Coble, 1996) . lakes. φT ranged from 1.94 × 10 8 nm to 3.5 × 10 10 nm for brackish lakes, having an 315 average of 1.44 × 10 10 nm (±8.1× 10 9 SD), and it ranged from 3.54 × 10 8 nm to 3.5 × 316 10 10 nm for freshwater lakes, with an average of 1.38× 10 10 nm (±7.9× 10 9 SD). For intensities with φV accounting for P V =62.4% (±14.6 SD) in brackish lakes ranged from 325 34.1% in Gemangcuo Lake (GMC) to 96.8% in Chuocuolong Lake (CCL). Then fresh 326 lakes recorded a range of 32.8% (Garencuo Lake; GRC-2) to 87.5% (Cuolongque Lake; and irradiation, and the presence of a greater volume of colorless DOC (Table S1) In addition, the normalized volumes φi in the five integrated regions identified by 360 EEM-FRI also presented normalized φV (humic-like), φIII (fulvic-like) and φIV 361 (microbial protein-like), these being more predominate in CDOM than φI (tyrosine-like) 362 and φII (tryptophan-like). Percentage distributions (Pi) of EEM-FRI extracted FDOM in 363 brackish and fresh lakes also showed significant differences (ANOVA, p<0.001).
364
Normalized humic-like (φV) and fulvic-like (φIII) were terrestrial sources, accounting 365 for PIII+V = 77.7% (±10.1 SD) in brackish lakes and 77.7% (±7.3 SD) in fresh lakes. components exhibited positive factor 1 loadings ( Fig. 7a ). Factor analysis showed PAC 395 factor 1 and factor 2 to be associated with five cumulative volumes φi (i=I, II, III, IV, 396 V) in a linear formula. Factor 1 and factor 2 were expressed as: In general, there was strong correlation between tyrosine-like φI and tryptophan-like φII 419 in fresh (R 2 =0.86, N=135; t-test, p<0.01) and brackish lakes (R 2 =0.80, N=109; t-test, 420 p<0.01), suggesting that they may have similar sources (Fig. 8a) . A moderate 421 correlation between φI and microbial protein-like φIV was observed in brackish lakes 422 (R 2 =0.70, N=109; t-test, p<0.01), and a weak correlation was recorded in fresh lakes 423 (R 2 =0.57, N=135; t-test, p<0.01) (Fig. 8b) , demonstrating that parts of the two FRI PCA results (Fig. 7) , and there was a positive correlation between the total normalized 431 cumulative volume φIII&IV&V and φI&II (R 2 = 0.76, N= 109; t-test, p<0.01) in brackish 432 lakes ( Fig. 8d ). Then a weak correlation in fresh lakes (R 2 = 0.54, N= 135; t-test, p < 433 0.01). It indicated that the autochthonous substances and they affected by Redundancy analysis (RDA) between water quality parameters for the brackish and 445 fresh lakes ( Fig. 9 ) showed that the forward selected environment explanatory variables 
458
[Insert Figure 9 about here] 459 In addition, regression analysis was undertaken between DOC concentration and 460 normalized cumulative volume φi (i=I, II, III, IV, V) for all water samples ( 
493
This indicated that regional hydrogeological and climatic conditions may play an 494 important role in driving DOC variability in brackish lakes.
495
Although the lakes in the study area have high spatial heterogeneity, decreasing 496 salinity generally showed a consistent tendency of DOC concentrations (Fig. 2b) .
497
Furthermore, salinity was divided into four groups (>19‰; >7‰; >2‰; >1‰) in 498 brackish lakes ( was presented in brackish lakes compared with freshwater lakes (51.8%) ( Fig. 5 ), 517 signifying a greater formation of macromolecular structures of humic-like substances.
518
These processes could account for DOC and nutrients accumulating in terminal 519 brackish lakes. RDA results also indicated that environmental variables (CDOM 520 absorption and fluorescence) showed a relatively more positive correlation with water 521 quality in brackish lakes than in fresh lakes (Fig. 9) attributed to evapo-concentration and accumulation due to long residence times. it is also important to highlight that these lakes receive higher levels of ultraviolet 529 radiation due to increasing altitude and a thin atmosphere compared to other studies 530 (Ren et al., 1997) ( Fig. 1c ). These attributes result in increased exposure to sunlight, an 531 increase in water residence times and strong UV radiation with an increase of altitude. , 2008; Gonnelli et al., 2013) . Results also 543 highlighted significant differences in total fluorescence intensities φT between brackish 544 lakes (1.44 × 10 10 ± 8.1× 10 9 nm) and fresh lakes (1.38× 10 10 ± 7.9× 10 9 nm) (ANOVA, 545 p<0.001) ( Fig. 5 and Fig. 6 ), respectively. However, we found that the average 546 normalized total fluorescence intensities φT between brackish lakes (1.1×10 9 ±8.8 QSU- lakes compared with the fresh lakes, a finding linked to solar radiation and prolonged 551 hydraulic retention time (Table S1 ).
552
In order to evaluate the influence of solar irradiance to CDOM optical 553 characteristics (Fig. 10) , solar irradiance was divided into three groups (>2900 h; >2800 554 h; >2700 h) based on the consistent result of decreasing tendency between elevation 555 (solar radiation) and DOC concentration (Fig. 2) this study exhibited that φIV (microbial protein-like) was consistent with φV (humic-like) 566 and φIII (fuvic-like), signifying that they have common sources (Fig. 7) . A positive 567 correlation between the total normalized cumulative volume φIII&IV&V and φI&II (R 2 = 568 0.76, N= 109; t-test, p<0.01) in brackish lakes also demonstrated that microbial protein-569 like FDOM in these lakes had high DOC concentrations associated with products from 570 terrestrial microbial decomposition (Fig. 8d) . Zhang et al. (2013) identified correlations 571 between total bacterial community structure and altitude in Tibet, and they did not found 572 more microorganism usually dominate in other lake environments, even though a 573 relative high average percentage of PIV (brackish 15.8%; freshwater 13.3%) were 574 identified for normalized cumulative volume (Fig. 5 ). In the Tibet Plateau, intensive is shown in Figure S2 . In the Tibet Plateau, grass with plentiful organic-rich ecosystems 607 were the major land-cover types, accounting for amounts of total basin area (Fig. S2 ).
608
CDOM optical parameters of lake samples in each basin were averaged to analyze the 609 influence of land-cover, results showing a moderate correlation between DOC and 610 normalized humic-like φV for 20 basins (R 2 =0.54, t-test, p<0.01; Fig. 11 ). Due to the 611 grass area accounting for amounts of basins (Fig. S3 ), normalized φIII, φIV and φV in 612 basins with large grass areas (average area 14876 km 2 ; N=10 basins) exhibited higher 613 values than in basins with small grass areas (averaged area 1976 km 2 ; N=10 basins) 614 (ANOVA, p<0.05). Similar results were also found for forest and unused land, although 615 they accounted for small proportions of total area (Fig. 11) . The Tibet Plateau is located 616 in an arid climatic zone with low rainfall, and the impoundment of lakes mainly depends 617 on surface runoff. Grasslands and forests where characterized by high nitrogen and 618 organic matter export rates (Bai et al., 2008; Heinz et al., 2015) . High DOC 619 concentrations in the lake waters highlights the organic-rich nature of these ecosystems 620 (Zheng et al., 2015) . As a result of climatic and geographical conditions, these 
Conclusions

625
Little is currently known about CDOM fluorescence and its relationship with water 626 quality in lakes across the Tibet Plateau. This area has a unique environmental condition 627 with strong ultraviolet radiation and low anthropogenic impact. In this study, EEM-FRI Table S1 . dissolved total carbon and dissolved inorganic carbon concentrations, respectively (mg L -1 ). EC 945 represents the electrical conductivity of water samples (μs cm -1 ). Chl-a, chlorophyll-a concentration 946 (μg L -1 ). The unit of turbidity is NTU, nephelometric turbidity unit, and salinity is ‰. 947 Biogeosciences Discuss., https://doi.org/10.5194/bg-2018-259 Manuscript under review for journal Biogeosciences Discussion started: 21 August 2018 c Author(s) 2018. CC BY 4.0 License. The unit of EC is μs cm -1 ; salinity is ‰; DOC concentration is mg L -1 ; φi (i=I, II, III, IV, V) is QSU-950 nm 2 -[mg L -1 C]. 951
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